Background and aims: Gram-negative bacterial lipopolysaccharides (LPS) are known causative agents for pregnancy loss in mothers with genital tract infections. In this study, we attempt to test the role of tumor necrosis factor-α (TNF-α) in the normal physiological processes of preimplantation embryonic development and LPS induced pregnancy loss in mice. Since the preimplantation mouse embryos grow in an unattached state for a considerable period (day 1-4.5) of its development in the maternal environment, it is possible that a critical level of soluble and biologically active TNF-α is maintained in the maternal environment, and that any alteration in this could lead to implantation failure. Here we determine the pattern and level of expression of TNF-α gene in preimplantation stage embryos and uterus collected from control and LPS treated pregnant animals during different stages of preimplantation period of pregnancy by reverse transcriptase-polymerase chain reaction.
Methods:
The concentrations and biological activity of soluble TNF-α protein present in oviductal fluid (OF) and uterine fluid (UF), in the normal and LPS treated animals, were determined by enzyme-linked immunosorbent assay and 3-(4,5-dimethylthiazol-2-yl) 2,5-diphenyltetrazolium bromide assay on L929 cells, respectively. TNF-α was also given i.p. to study its effect on implantation.
Results: An early expression of TNF-α messenger ribonucleic acid in the preimplantation stage embryos collected from LPS treated animals was observed along with a significant rise in the level of biologically active soluble TNF-α in the OF. Similarly, the level of bioactive and soluble TNF-α present in the UF from LPS treated animals was significantly higher as compared to the control on day 4.42 of pregnancy.
Conclusions: TNF-α given i.p. exerted similar effects on pregnancy as that of LPS. An incessant exposure of the preimplantation stage embryos to significantly high levels of maternal bioactive free/soluble TNF-α, and an alteration in the normal pattern of its expression in the preimplantation stage embryos may be one of the causes of failure of implantation leading to poor pregnancy outcome in LPS treated mouse. (Reprod Med Biol 2005; 4: 79-88)
INTRODUCTION
T UMOR NECROSIS FACTOR-Α (TNF-α) was first identified as a product of endotoxin stimulated macrophages that caused wasting syndrome in tumor bearing animals. 1 High levels of TNF-α in the circulation are characteristic of septic shock and wasting in tumor-bearing animals. 2 Although initially associated with inflammatory processes, TNF is now known to have pleiotrophic effects on cellular growth and to modulate many other cellular functions, 2,3 suggesting that this multifunctional polypeptide may serve as an endogeneous regulator of normal physiological process. TNF-α is a chemotactic cytokine that has been implicated in the etiology of infectioninduced and normal human labor. In some pregnancies, an inflammatory process is activated in response to an ascending Gram-negative bacterial invasion of the intrauterine environment. 4, 5 The activation of the inflammatory response and the release of cytokines have been proposed to play a role in the biochemical mechanism of genital tract infection-induced pregnancy loss. 6 TNF-α expression has been identified in human gestational tissues, and its release from gestational tissues has been demonstrated in previous studies. A role for TNF-α in embryonic development and implantation has also been demonstrated in human and mouse. 7 The scientific literature has rigid evidences showing TNF message and protein in multiple organs, tissues, and cell types including the oviducts, uterus, placenta and *Correspondence: Dr Kaushik Deb, PhD, 463a, Life Sciences Center, University of Missouri, Columbia, MO-65211, USA. Email: debk@missouri.edu Received 5 September 2004; accepted 16 November 2004. embryo, even when no pathology is detectable. 8 However, TNF-α is considered by many as an abhorrent molecule that should be avoided at any cost during pregnancy. 9 This belief is based on the observations that the administration of lipopolysaccharides (LPS) or a large bolus of TNF-α to pregnant animals causes massive hemorrhage and pregnancy termination, 10 and that high levels of TNF found in the human amniotic fluid is associated with infection and preterm labor. 11 In a previous study, we demonstrated that 5 µg LPS/ mouse given i.p. on day-0.5 of pregnancy, was the 'minimum dose' required for inducing complete implantation failure and infertility in pregnant mouse. 6 We used this 'minimum dose' of LPS in all the experiments carried out in this study. It has been demonstrated that LPS significantly increased human gestational tissue expression and release of some of the acute inflammatory cytokines, including interleukin (IL)-1α, IL-6, leukemia inhibitory factor and TNF-α. 6,12-14 However, the normal pattern of TNF-α expression and the effect of LPS on its expression in preimplantation embryos is not known. We thereby studied and compared the normal and LPS induced pattern and level of TNF-α expression in the preimplantation stage embryos. The preimplantation embryo stays in the oviducts up to day 3.5 of pregnancy and then migrates to the uterus, where it remains unattached up to day 4.5 of pregnancy. During this process, it is continuously bathed by the fluid present in the oviduct and uterus. It is possible that these embryos get exposed to a certain level of biologically active and free/soluble TNF in the oviductal fluids (OF) and uterine fluids (UF) during development. Therefore, we were interested in detecting the level of biologically active and free TNF-α protein present in the OF (through day 1.5 to 3.5) and UF (on day 4.42) to which the embryo is exposed during its development, and if its normal levels were altered during LPS induced infertility. Therefore, in this study we test the hypotheses that Gram-negative bacterial LPS: (i) alters the normal pattern and expression of TNF-α in the preimplantation embryo and uterus; and that (ii) it stimulates the release of biologically active and free TNF-α protein in the intraoviductal and -uterine environment, leading to impaired preimplantation embryonic development and pregnancy loss.
MATERIALS AND METHODS

Animals
P ARK STRAIN MICE (6-7 weeks, 20 g) were maintained at 25°C in our animal house with 12:12 h light : dark schedule. They were fed with pelleted diet (Amrut India Pvt. Ltd, New Delhi, India) and water ad libitum. Females were checked for two consecutive estrus cycles. Sexually matured female animals were checked for proestrous and were individually caged overnight with proven fertile males for mating. The females were checked for vaginal plugs on next day morning. Females with positive vaginal plugs were considered as on day half (day 0.5) of pregnancy.
Recovery of embryos and uterine tissues
The female mice (6-7 weeks, 20 g) were induced to superovulate with single i.p. injections of 5 IU each of pregnant mare serum gonadotropin and human chorionic gonadotropin (Intervet, Boxmeer, Holland) at an interval of 48 h. Twenty to 25 superovulated pregnant animals were killed, at each time by cervical dislocation, at different time points through days 0.5 to 4.5 (days 1.5, 2.5, 3.5, 4.0, 4.125, 4.25, 4.33 and 4.42) of pregnancy. Approximately 500 embryos/group were recovered from these animals at each time point/day of pregnancy by flushing the excised reproductive tracts with sterile phosphate-buffered saline (PBS) and immediately frozen and stored at −70°C for isolation of total ribonucleic acid (RNA). The uterine horns of the animals were immediately processed for total RNA isolation. The embryos were visually examined at all the stages of development to detect developmental abnormalities.
Effect of LPS on the expression of TNF-α α α α mRNA in embryos and uterus collected at different stages of preimplantation period of pregnancy
Experiments were performed to study the effect of LPS on the expression of TNF-α messenger RNA (mRNA) in embryos and uterus collected at different stages of preimplantation period of pregnancy by reverse transcriptasepolymerase chain reaction (RT-PCR). Park strain mice were superovulated and the 'minimum dose' of LPS, 5 µg/ animal in 100 µL of sterile normal saline (determined in a previous study) was injected to each pregnant animal through i.p. route on day 0.5 of pregnancy. 6 The control animals received 100 µL of sterile normal saline in a similar fashion. To collect the embryos and uterine horns, the animals of both groups were killed at narrow intervals of the preimplantation period on days 1. 5, 2.5, 3.5, 4.0, 4.125, 4.25, 4.33 and 4 .42 of pregnancy. A total of about 500 embryos were collected at each time point to detect the mRNA signals for TNF-α by RT-PCR.
